with a daylight filter, connected with a VOLCO-HT 250 VA Stabilizer.
The light intensity for the photographing was adjusted to be constant at 60 ,uA measured by use of Olympus EMM-IV Electric Exposure Meter.
The camera used was Olympus PM-6. The film exposed was develoepd with D 76 developing agent strictly at 20° for 9 minutes.
The negative image of the film was placed under objective lens of a Nikon STR-3 Microscope, and the intensity of the light passed the film was measured by the same apparatus as above at five loci: (A) an outside area of the sporeling, (B) tip of the unicellular elongated protonema, (C) subterminal zone, (D) middle zone and (E) basal zone (Fig. 1) .
The light value of the outside area of the sporeling was adjusted to 0 and this was taken as the standard value. So that, the intensity measured at each locality of the sporeling may indicate relative intensity to the standard.
The protonema is almost of equal thickness along the longitudinal axis, except at the extreme tip. Therefore, the difference in the passed light intensity, thus measured, between the TTC reducing protonema and that of the control may represent the density of reduced TTC in the same locus. The reduction of TTC and Janus green B in the case of presence or absence of succinate and malonate was considered to indicate the action of succinic dehydrogenase.
A centrifiugal treatment for removing the dehydrogenase localization was carried out by use of a Marusan Highspeed Centrifuge for 5 minutes at 20,000 times gravity at about 20°.
Results
(1) Normal young sporelings of Pteris, Dryopteris and Ceratopteris were fixed with 80 per cent alcohol for three days at room temperature, rinsed with water, and then they were incubated at 30° with TTC or Janus green B solution containing succinate or malonate at pH 7.5. Five hours later, the intracellular reduction of these agents was inspected under a microscope.
As a result, it was found that (a) the addition of succinate accelerated markedly the reduction of TTC or Janus green B, but the addition of malonate, on the contrary, inhibited it (Table 1) , (b) in Pteris the reduction was restricted mainly in subterminal regions, but (c) in Ceratopteris the reduction occurred rather in basal regions and (d) in Dryopteris the reduction was observed all over the protonema. In all these species, the younger was the gametophyte, the more remarkable was the reduction. The subterminal zone of Pteris protonema is occupied by lipid globules specially gathered in this locality in conformity with the site of the highest reduction of TTC or Janus green B. Different To solve this question, the P teris sporelings were tested after being soaked in 99 per cent alcohol at 200 for three days to take off the lipid globules.
As a result, almost the same reduction occurredd in the same subterminal region. This may indicate that the reduction is conditionedd by another factor rather than the lipid.
(
2) The reduction was tested at various pH levels from pH 2.0 to pH 8.5 at the same temperature of 30° with addition of succinate.
As a result, the optimal pH for the reduction was discovered to be 7.5. Then the temperature was varied in seven degrees from 10° to 70° under the constant pH of 7.0. As a result, the optimal temperature for the reduction was found to be 30° (Table 2 ).
(3) As aforesaid, the reduction is highest at the subterminal zone decreasing toward the extreme tip and also toward the basal region.
The gradients were measured as the difference between the intensity of the light passed throuph the TTC reducing cell and the same through the control cell at each corresponding site along the longitudinal axis. For this purpose, unicellular P teris protonemata, elongated under unilateral dim light, kept in a dark box having one side-window, were fixed with 80 per cent alcohol. Then they were microphotographed before and after being incubated with TTC solution as in the same method aforementioned.
Results of the photometry of the negative image of the film are indicated in Fig. 1 . In it, in the control protonema, without TTC, the photometric value (=b) is enhanced in the subterminal zone decreasing toward the extreme tip and also toward the basal end. Different from this, in the cell that reduced TTC it (=a) increases very remarkably in the subterminal region.
The difference (=a-b) is also noteworthy in the same region.
Thus, it is clear that there are gradients in TTC reduction rate (Fig. 1) . (4) The elongated Pteris unicellular protonema was centrifuged at 20,000 times gravity for five minutes at about 20°. In consequence, the lipid globules were stratified at the centripetal end, and plastids and the nucleus towards the centrifugal. The stratification is kept for a long time, so that the direction in which the centrifugall force was exerted is distinguished afterwards with ease. The centrifuged protonemaa was incubated with TTC solution plus succinate for 5 hours at the optimal pH and temperature.
Upon the inspection, reduction of TTC appeared also around the lipidd globules.
Therefore, it occurred centrifugally independent of the developmental axis. The stratified plants, on the other hand, were cultured in Knop's solution diluted to apex of that outgrown branch, but the original tip where the lipid globules were stratified ceased growth (Fig. 2, J, K, L) . In such individuals, the TTC reduction was observed only in the original tip, that is, around the stratified lipid. In the outgrown branch, TTC reduction was not observable.
If the centrifugal force is exerted apically, the lipid globules are moved to the basal end, and there TTC reduction occurs.
But in such a case, the development proceeds normally to form a prothallus toward the apical end of the protonema (Fig. 2, H, (5) Normal Pteris protonema, composed of two or three cells, was immersed in 0.2 M CaCl2 for thirty minutes.
During this immersion, plasmolysis took place in each cell. Then they were replaced to the normal culture medium.
In several days, each cell of the protonema was evoked to start growth, in consequence, multiple young prothalli developed from the single gametophyte (Fig. 2, D, E, F) . In early stages of this ramification, the reduction occurred only in the original subterminal zone, but not in the ramified branches though they were vividly growing.
Discussion
As above mentioned, TTC and Janus green B reduction in the protoplasm of the young gametophyte is accelerated by succinate but inhibited by malonate. The optimal temperature for this reduction is 30° , and the optimal pH is 7.0 to 7.5. The ;reduction takes place in the cell fixed with alcohol, but not if the cell was killed by heat at 100°. The active site of the reduction is restricted around the lipid globules. This implies that the reduction is in some way conditioned by the lipid.
But the same reduction also takes place even after the lipid was taken off with alcohol. These indicate that the reductive factor is succinic dehydrogenase as was reported by former investigators 6, 7', and this enzyme seems to be combined with the surface of the lipid globules presumably in a state of being adsorbed to the latter composing a lipidsuccinic dehydrogenase system.
In such a state, that enzyme is usually localized in a subterminal region of young Pteris gametophytes together with chloroplasts. Thus, succinic dehydrogenase is distributed in a gradient.
This was demonstrated by means of photometry of the reduced TTC.
However, it should not be considered that the localization of the dehydrogenase would take part in the terminal growth in that locality.
Because, in Dryopteris the distribution of the same enzyme is not limited to the subterminal zone, but usually it is dispersed uniformly all over the gametophyte, or its localization is different in individuals without a definite relation to the developmental axis.
In Ceratopteris the lipid globules combined with succinic dehydrogenase are distributed mainly in the basal region. So that, it rather seems that the site of localization of the succinic dehydrogenase is independent of the developmental polarity of young gametophytes.
Further, after temporary plasmolysis each cell of the young Pteris gametophyte is evoked to start growth, so that multiple ramifications take place as experimented by former authors8 9 '°. . At this time, the TTC reduction is observable only in the original subterminal zone but not in the branches.
That is to say, the growth point of the ramified branch does not contain a visible quantity of succinic dehydrogenase. This is another evidence for that the developmental polarity is independent of the concentration gradients of this enzyme. If the centrifugal forces are exerted toward the basal end of a young Pteris protonema at one-cell stage, the lipid is stratified at the tip of the protonema, and this is not much different from its original localization. However, the later development is peculiar. That is, the terminal growth is blocked, and the new growth point appears at the basal end, and there a branch is ramified out (Fig. 2, J , K, L). But, if the centrifugal force is exerted reversely and the lipid is moved to the basal end far from the original situation, the later growth is not modified (Fig. 2,  G, H, I ). This clearly indicates that the site of localization of the succinic dehydrogenase is not connected with the polarity.
The succinic dehydrogenase in the fern gametophytes, especially in their young stages, is considered to be localized mainly on the surface of the lipid globules, as aforesaid.
The lipid is abundant in a young sporeling and it decreases with the progress of the development.
At the beginning of the two-dimensional growth, or later, usually the lipid globules cannot be observed, and the peculiar TTC reduction does not occur visibly. This implies that at an early stage of the gametophyte the energy for the development is supplied mainly from the lipid respiration, and later it turns to the carbohydrate respiration. Presence of the succinic dehydrogenase near around the lipid globules will be fitted for this lipid respiration.
Mitochondrial succinic dehydrogenase could not be clearly verified by use of TTC or Janus green B in fern gametophytes.
It is reported that succinic dehydrogenase is blocked its action in fixation with alcohol. Nevertheless, results of the above experiment strongly indicate that its action is retained even after being treated with alcohol, so far as fern gametophytes are concerned.
Summary
Succinic dehydrogenase was detected in young gametophytes of Pteris vittata~ Dryopteris varia, and Ceratopteris thalictroides by use of TTC and Janus green B. The following was made clear.
(1) In P teris protonema the reduction of TTC or Janus green B takes place mainly in the subterminal region, in Dryopteris it occurs uniformly along the developmental axis, and in Ceratopteris mainly in basal region.
(2) The reduction is accelerated by the addition of succinate, and inhibited by malonate.
The optimal temperature for the reduction is 30°, and the optimal pH is 7.0 to 7.5. The reduction ability is retained in fixation with alcohol, but lost in boiling.
These indicate that the reduction is attributed to the role of succinic dehydrogenase contained in the cell. (3) Usually, the reductive ability is highest closely around the lipid globules.. But the ability is retained even if the lipid is taken off by use of alcohol. Therefore, it seems that the dehydrogenase is mainly combined to the lipid surface in the state of a lipid-succinic dehydrogenase system.
(4) In P tens the original locality of succinic dehydrogenase is not altered whenn the protonema is ramified into multiple branches. The developmental polarity is not modified even if the dehydrogenase together with the lipid globules is moved by centrifugation toward the basal region.
